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ABSTRACT 
 
 
 
 
High concentration of organics, ammonia, and heavy metals in landfill 
leachate are harmful to the environment as well to human’s health. These high 
toxicity compounds may dampen microorganisms’ activity in anaerobic reactor, 
particularly the methanogens. The aim of this research is to investigate the potential 
toxicity and biodegradability of landfill leachate under methanogenic conditions 
using batch microcosm assays, which are anaerobic toxicity assays (ATA) and 
biochemical methane potential (BMP) methods, and to enhance its biodegradability 
using natural zeolite (clinoptilolite) and synthetic zeolite (Sigma 96096). Leachate 
sample was collected from Seelong Sanitary Landfill, Johor. Response Surface 
Methodology (RSM) was used to determine the adsorption of ammoniacal nitrogen 
(NH3-N) present in leachate on clinoptilolite and Sigma 96096 based on three 
variables including dosage, particle size, and percentage of leachate to distilled 
water. Based on the optimized operational conditions, the maximum removal of 
NH3-N for clinoptilolite and Sigma 96096 were 90.61% and 56.67%, respectively; 
with the dosage, particle size, and percentage of leachate to distilled water of 2 g/L, 
50 mm and 50% for clinoptilolite,  and for Sigma 96096 at 4 g/L, 150 mm and 50%, 
respectively. Biodegradability assays were conducted on varied concentrations of 
leachate using two anaerobic biomass from Indah Water Konsortium (IWK), Ulu 
Tiram, Johor and KULIM Palm Oil Mill Effluent Treatment Plant (KULIM), Kulai, 
Johor. Based on ATA, no significant inhibition was recorded for 10% leachate 
concentration supplied with clinoptilolite and seeded with KULIM biomass. 
Meanwhile, for BMP, the assay contained 5% of leachate with Sigma 96096 and 
IWK seed recorded the highest conversion efficiency of 43.03%. Hence, the ATA 
and BMP assays are beneficial to predict the production potential of methane from 
waste in full scale reactor. 
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ABSTRAK 
 
 
 
 
Kepekatan bahan organik, ammonia dan logam berat yang tinggi dalam air 
larut lesap adalah berbahaya kepada alam sekitar dan kesihatan manusia. Sebatian 
yang sangat toksik ini mengurangkan aktiviti mikroorganisma dalam reaktor 
anaerobik terutamanya metanogen. Tujuan penyelidikan ini ialah untuk menyiasat 
potensi ketoksikan dan keupayaan biodegradasi air larut lesap dalam keadaan 
metanogenik dengan menggunakan assay kumpulan kecil daripada teknik Assay 
Ketoksikan Anaerobik (ATA) dan Kaedah Potensi Biokimia (BMP) untuk 
meningkatkan keupayaan biodegradasi air larut lesap daripada tapak pelupusan 
sampah menggunakan zeolite asli (clinoptilolit) dan zeolit sintetik (Sigma 96096). 
Sampel air larut lesap diambil dari Tapak Pelupusan Sampah Bersanitari, Seelong, 
Johor. Kaedah Gerak Balas Permukaan (RSM) digunakan untuk mengkaji 
penjerapan nitrogen ammonia (NH3-N) ke atas air larut lesap menggunakan 
clinoptilolit dan Sigma 96096 berdasarkan tiga pembolehubah iaitu dos, saiz partikel 
dan peratus air larut lesap terhadap air suling. Berdasarkan keadaan operasi yang 
dioptimumkan, penyingkiran maksimum bagi NH3-N daripada air larut lesap oleh 
clinoptilolit adalah 90.61% dan 56.67% untuk Sigma 96096. Dos, saiz partikel dan  
peratusan air larut lesap kepada air suling untuk clinoptilolit adalah masing-masing 2 
g/L, 50 mm, dan 50% dan untuk Sigma 96096, 4 g/L, 150 mm, dan 50%. Assay 
biodegradasi dibuat dengan beberapa kepekatan yang berbeza menggunakan dua 
sumber benih anaerobik daripada tapak rawatan kumbahan Indah Water Konsortium 
(IWK), Ulu Tiram, Johor dan Loji Rawatan Efluen Kilang Minyak Sawit KULIM 
(KULIM), Kulai. Daripada ATA, tiada perencatan ketara yang direkodkan untuk air 
larut lesap dengan peratusan 10% dibekalkan dengan clinoptilolit dengan 
pembenihan dari KULIM. Bagi BMP, assay yang mengandungi air larut lesap 
dengan peratusan 5% dibekalkan dengan Sigma 96096 dengan benih IWK 
merekodkan peratusan perubahan paling tinggi iaitu 43.03%. Oleh yang demikian, 
kaedah ATA dan BMP berfaedah untuk meramal keupayaan pengeluaran metana 
dalam sisa untuk reaktor berskala penuh. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 General Introduction 
 
 
Landfilling is currently the world’s most popular method of disposing 
municipal solid waste (MSW) (Rafizul and Alamgir, 2012). Unfortunately, such 
preference to disposal of wastes comes with the inherent problem associated with the 
liberation of poisonous liquid called leachate from landfills due to percolation of 
rainwater through the wastes (Syafalni et al., 2012). According to Primo et al. 
(2009), considering the hazardous and harmful effects of leachate may have on the 
environment and especially on groundwater, the search for new technologies to treat 
landfill leachate has since become a very intense research area. Proper handling of 
leachate prior to discharge into water bodies is vital as such many countries have 
implemented laws to control the quality of discharged leachate (Wiszniowski et al., 
2007; Turan and Ergun, 2009). This is due to the fact that the composition of 
leachate varies with landfill age, waste composition and the design or operation of 
the landfill (Gotvajn et al., 2009). Unlike young landfills, where mainly consist of 
degradable organics in the acidogenic phase (Kargi and Pamukoglu, 2004) is easier 
to be treated biologically, an old landfill predominantly contains refractory organics 
in the methanogenic phase that is more difficult to treat (Yusof et al., 2009).  
 
 
Weatherly and Miladinovic (2004) state that another vital parameter 
monitored in landfill leachate is ammonia (NH3), such compound can potentially 
pollute streams and water bodies if not properly treated. Considering that the 
presence of high concentration of ammonia in water bodies may stimulate excess 
growth of algae, reduce the efficiency of biological treatment system (Jorgensen and 
2 
 
Weatherly, 2003) as well as toxic to aquatic life (Pinho et al., 2011), the removal of 
such substance by utilizing efficient and economical methods are acquired.  
 
 
 In view of the chemical complexities of landfill leachate and the adverse 
effects that are associated with poorly treated discharged leachate may have on the 
environment, concerted efforts in search of alternative technologies to overcome 
such problem remain a challenge. Studies have reported that treatments using 
methods of adsorption (Liu and Lo, 2001a,b), membrane bioreactor (Ahmed and 
Lan, 2012), nitrification and denitrification (Ruiz et al., 2006), anaerobic-ammonia 
removal (Sri Shalini and Joseph, 2012), and ion exchange (Bashir et al.,2010) have 
been employed to degrade or remove ammonia from leachate. 
 
 
The ultimate anaerobic biodegradation of a specific solute can be ascertained 
by measuring its disappearance or decrease, and the production of biogas using 
standard biodegradation assays. According to Surendra et al. (2014) anaerobic 
digestion (AD) of leachate is advantageous since the breakdown of organics under 
methanogenic condition may produce substantial amount of biogas such as methane 
gas (CH4) for energy recovery. Compared to aerobic treatment, anaerobic treatment 
certainly provides low cost operation where no aeration is required and cost for 
sludge handling is promisingly lower due to less amount of waste sludge produced 
(Novak et al., 2011). Apart from that, anaerobic degradation also provides a survival 
environment to the bacteria in habitats where less oxygen is required (Yusof et al., 
2009). 
 
 
Nevertheless, refractory nature of the leachate, especially its ammonia 
toxicity, largely inhibits the most sensitive methanogenic consortia, thereby 
hampering the methane production. Simple and inexpensive techniques of 
biochemical methane potential (BMP) and anaerobic toxicity assay (ATA) aiming to 
evaluate substrate anaerobic biodegradability and substrates toxicity to anaerobes. 
Respectively, these techniques can be determined by monitoring the cumulative 
methane production from a sample which is incubated in a chemically defined 
medium (Owen et al., 1979) 
 
3 
 
According to Montalvo et al. (2012), it has been found there is a synergistic 
interaction between adsorption and biodegradation of substrates on the surface active 
particles of zeolites, under anaerobic environment. Mainly characterised by its large 
surface area, zeolite provides high affinity for microbial immobilisation, and high ion 
exchange capacity for ammonia
 
removal. Nevertheless, the role of zeolite particle to 
alleviate ammonia
 
toxicity in leachate and the effect of these nanoparticles on 
methane yield remained unclear.  
 
 
Interestingly, the use of natural zeolite as sorbent has been reported by 
Hedstorm (2001).  Zeolite can be a naturally occurring or synthetic minerals that 
consists of a three dimensional framework formed by silica–oxygen tetrahedrals 
where the Si
4+
 has been replaced by Al
3+
 in a porous lattice work (Zhou and Boyd, 
2014).  At this juncture, many scientists have suggested the utilization of natural 
zeolite as sorbent to treat landfill leachate owing to its porous structure containing 
hydrated aluminosilicate (SiO4 and AlO4) minerals (Hedstorm (2001), Halim et al. 
(2010), Bowman (2003), and Karadag et al., (2008)). These minerals have been 
described to have high cation exchange capacities (CECs), molecular sieving, 
catalysis, and sorption (Pinho et al., 2011) properties, which explain the wide use of 
natural zeolite as an ion exchange to remove ammonia in landfill leachate Halim et 
al. (2010) and Bowman (2003). Moreover, utilization of natural zeolites such as 
clinoptilolite has been reported by Karadag et al., (2008) to be more competitive as 
compared to other ammonium adsorbents due to its low cost and high ammonium ion 
selectivity.  
 
 
It has been suggested by Hedstorm (2001) that clinoptilolite with the size of 
less than 1 mm can be used to adsorb ammonia. Apart from potassium and sodium 
enriched natural zeolites (Breck, 2001), utilization of synthetic zeolite such as Sigma 
96096 (details in 3.2.4) may be a promising alternative to treat landfill leachate. It is 
noteworthy to highlight that the utilization of Sigma 96096 as adsorbent may be 
feasible due to the presence of both inorganic and organic cations such as Na
+
, 
quaternary ammonium ions, and protons (Davis and Lobo, 2002) in its structure as 
well as it is a readily available commercial adsorbate. To the best of our knowledge, 
the use of Sigma 96096 as sorbents for the NH3-N removal has yet to be explored. 
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The experimental conditions of leachate treatment are also the key concern as 
the composition of leachate may be influenced by various conditions, as well as the 
physicochemical properties of the sorbent employed. Owing to the uncertainties, 
predictions on the effects of independent variables that may affect efficiency of the 
leachate treatment process become rather complex and are almost unfeasible. In this 
perspective, response surface methodology would be a technique of choice due to its 
statistical efficacy to predict the best performance conditions with minimum number 
of experiments (Chaibakhsh et al., 2008). The method of response surface 
methodology (RSM) utilizes quantitative data in the experimental design to conclude 
and simultaneously solve multivariate equations in order to optimize the processes or 
products. Apart from being less expensive, the use of RSM-based optimization 
experiments is favourable as such experiments may be completed faster than the 
conventional one-variable-at-a-time or full factorial ones (Wahab, 2014). 
 
 
Basically, landfill leachate contains high concentration of toxic compounds 
such as ammonia which if not be treated properly, may cause harm to environment. 
Anaerobic degradation has been reported to be advantageous in leachate treatment 
due to its ability to produce substantial amount of biogas specifically methane gas for 
energy recovery. However, due to high ammonia concentration in leachate, it is 
hampering the methane production. Owen et al. (1979) had proposed method called 
anaerobic toxicity assay (ATA) and biochemical methane potential (BMP) to provide 
information on toxicity and biodegradability of landfill leachate. Previous studies 
have found a collaborative relation between adsorption and biodegradation of 
leachate. The use of natural and synthetic zeolites as adsorbate in anaerobic 
biodegradation of leachate has proven comes helpful in reducing high ammonia 
concentration contained in leachate. Using response surface methodology (RSM), the 
optimization of few variables was investigated to enhance the biodegradability of 
leachate.  
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1.2 Problem Statement 
 
 
Recently, current treatment of landfill leachate involved the practise of 
physical, chemical and biological treatment. Of these, biological treatment 
specifically anaerobic treatment may come in handy. However, methane production 
from anaerobic degradation in landfill site was not being utilised maximally as it was 
released without further exploitation especially in Malaysia.  
 
 
Leachate contains large amount of pollutants such as dissolved organic matter 
as well as inorganic macro components especially ammonia. High concentration of 
ammonia contained in leachate causes toxicity not only to the aquatic life and 
humankind, it also bring toxicity to anaerobic consortia especially methanogens 
thereby hampering the methane production.  
 
 
Zeolite on the other hand has found to have variety of criteria which can be 
used in treating leachate. However, studies on comparison of natural and synthetic 
zeolite in literature seem not convincing. Plus, no latest study has been found on the 
use of zeolites added in bioassays to reduce toxicity of ammonia in leachate as well 
as to improve methane potential production.  
 
 
 
 
1.3 Objective of Study 
 
 
The specific objectives of this study are as follows: 
 
 
i. To optimize the adsorption of NH3-N in landfill leachate using natural and 
synthetic zeolite which is clinoptilolite and Sigma 96096 respectively; with 
the used of Response Surface Methodology (RSM). 
ii. To investigate the potential toxicity and biodegradability of leachate under 
methanogenic conditions using batch microcosm assays i.e. anaerobic 
toxicity assays (ATA) technique and biochemical methane potential (BMP) 
methods. 
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iii. To enhance the biodegradability of landfill leachate using natural and 
synthetic zeolites in a modified batch microcosm assays. 
 
 
 
 
1.4 Scope of Study 
 
 
 In this study, the biodegradability and possible toxicity of landfill leachate are 
evaluated using simple and inexpensive techniques proposed by Owen et al., (1979) 
called ATA and BMP. A batch microcosm technique is conducted using serum bottle 
in laboratory scale. ATA is a preliminary study to evaluate samples toxicity, and 
BMP conveys more flexibility to elucidate samples biodegradation by means of 
anaerobically in the presence of adsorbate. Prior to biodegradation experiments, the 
leachate samples was taken from Seelong Sanitary Landfill, Johor and characterised 
accordingly based on their organic strength (Biochemical on Demand, BOD and 
Chemical on Demand, COD), nitrogen compounds (Total Nitrogen, TN, Ammonia, 
NH3-N, Nitrate, NO3
-
-N and Nitrite, NO2
-
-N), suspended solid (Total Suspended 
Solid, TSS and Volatile Suspended Solid, VSS), pH and heavy metals (Copper, Cu 
and Zinc, Zn). The effects of supplying natural zeolite; clinoptilolite and synthetic 
zeolite; Sigma 96096 as adsorbate were investigated on readily induced anaerobic 
bioassays. Later, the leachate was analysed according to few parameters to validate 
the efficiency and optimized variables of the leachate to work best in adsorption. 
During the biodegradation study, the biodegradability was evaluated based on the 
reduction of COD and ammonia, and cumulative methane production in different 
concentrations of leachate.  
 
 
 
 
1.5 Significance of Study 
 
 
 The capability of leachate to be degraded in anaerobic condition as well as 
the amount of methane gas production was measured simultaneously to provide 
information for large scale such as reactor or digester. The outcome from this study 
will be used for the future design of single reactor unit, capable of treating landfill 
7 
 
leachate containing high organic and nitrogen content as well as yields sufficient 
amount of methane gas to be used as electric generator or incinerator. In addition, the 
bioassays studies proposed will be used as a tool for accessing the impact of zeolite 
as adsorbate on anaerobic biodegradation of leachate induced into the system. This 
will provide an understanding on whether the ion exchange capacity of zeolite and its 
large surface area for microbial immobilisation; really help in improving anaerobic 
biodegradation of leachate. The outcome also will evaluate the enhancement of 
methane production, reduced microbial lag phase, and reduced high organics and 
ammonia concentrations in landfill leachate using zeolite.  
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Owen et al. (1979) had proposed method called anaerobic toxicity assay 
(ATA) and biochemical methane potential (BMP) to provide information on toxicity 
and biodegradability of landfill leachate. A comparison of using two anaerobic 
biomass from Indah Water Konsortium (IWK), Ulu Tiram, Johor and KULIM Palm 
Oil Mill Effluent Treatment Plant (KULIM), Kulai, Johor were investigated with the 
modification of the method was made by adding  clinoptilolite and Sigma 96096 
to the bioassay with varied of leachate concentrations to defined media. From ATA, 
concentration of 10% of leachate with the addition of clinoptilolite using KULIM 
seeds shows the best performance with value of MRR is 0.99 indicates no significant 
inhibition was recorded. From BMP, the highest percentage of conversion efficiency 
recorded was by using IWK seed at concentration of 5% of leachate with the addition 
of Sigma 96096 which is 43.03%.  
 
 
 
 
5.2 Recommendation 
 
 
 The research findings can be used as the basis for conducting the future 
studies in order to improve the basic knowledge on the anaerobic biodegradability. 
The following recommendations can be suggested for the use in future researches; 
such that: 
 
 
i. The use of another parameter which inhibits and hampering methane 
production such as hydrogen sulphide (H2S). 
ii. The use of other type of zeolite to improve the performance of 
biodegradability of leachate.  
iii. The use of different type of anaerobic biomass. 
iv. Addition of another modification made to the bioassay such as using 
aerobic-anaerobic to provide information on the effect of adding oxygen to 
anaerobic consortia.  
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